Background. We characterize the human immunodeficiency virus (HIV) care continuum for men who have sex with men (MSM) and persons who inject drugs (PWID) across India.
The now established benefits of early antiretroviral therapy (ART) for individual health [1, 2] and secondary benefits to partners [3] and the population [4, 5] have prompted the ambitious UNAIDS (Joint United Nations Programme on HIV/AIDS) target of "90-90-90" by 2020 [6] . Achieving this target requires that 90% of persons infected with human immunodeficiency virus (HIV) persons be aware of their status, 90% of those aware of their status receive ART, and 90% of those receiving ART achieve viral suppression. Importantly, 90-90-90 needs to be achieved in all populations, including men who have sex with men (MSM) and persons who inject drugs (PWID) in resource-limited settings.
Data on HIV care continuum outcomes from resource-limited settings are limited and derived primarily from clinic-based populations, where the denominator represents persons who have already accessed HIV care [7] [8] [9] [10] . Moreover, these data primarily reflect experiences of heterosexual populations, in which outcomes tend to be superior to those of MSM and PWID in high-income settings [11, 12] . This difference may be more pronounced in resource-limited settings, where higher levels of stigma and discrimination further hinder access.
India is home to the third largest number of HIV-infected persons globally [13] . India's HIV epidemic has been historically driven by heterosexual transmission. Consequently, most programs have targeted heterosexual populations, where prevalence and incidence have subsequently declined [14, 15] . In contrast, HIV prevalence and incidence among PWID and MSM seem to be increasing, or at best stable. These groups have not been a major focus of the National AIDS Control Program until recently [15] . In India, both homosexuality and injection drug use are punishable offences driving individuals to remain hidden. Moreover, in India as in many settings, although HIV testing, ART and harm reduction services are provided by the government, they are delivered in geographically segregated centers, further complicating access [15] [16] [17] . Using respondentdriven sampling (RDS), a strategy designed to produce unbiased prevalence estimates in hidden populations [18, 19] , we characterized the HIV care continuum among large community-based samples of MSM and PWID from across India.
METHODS

Study Setting
This study was conducted in 27 sites (12 MSM and 15 PWID) across 26 Indian cities (17 states) as the baseline assessment of a clusterrandomized trial (ClinicalTrials.gov identifier NCT01686750). As described elsewhere, cities were selected to represent regions with varying HIV epidemic stages (MSM) and varying drug use epidemic stages (PWID) (Figure 1 ) [20] [21] [22] . In each city, a local partner was identified that maintained a MSM/PWID drop-in center and provided some HIV prevention services (eg, opioid agonist therapy [23, 24] ). A single study site was established in each city and targeted either MSM or PWID, except in New Delhi where both an MSM and a PWID site were established (not operational at the same time.)
Study Population
Eligibility criteria included: (1) age ≥18 years; (2) provision of informed consent; and (3) possession of a valid referral coupon. For MSM, additional criteria were (1) self-identification as male and (2) report or oral or anal sex with a man in the prior 12 months. For PWID, an additional criterion was self-report of drug injection in the prior 2 years. The study population was recruited using RDS, a chain-referral strategy for recruiting hard-to-reach populations [18, 19] . RDS was initiated in each site by 2 or 3 "seeds," and the target recruitment was 1000 persons per site. For this analysis, we included only persons with a confirmed HIV-positive antibody test result. Correlates of HIV infection in these groups have been described elsewhere [21, 22] .
Study Procedures
After giving verbal consent, participants provided a fingerprint image that was converted to a unique hexadecimal code by Figure 1 . Weighted site-level human immunodeficiency virus (HIV) prevalence among 12 022 men who have sex with men (A) and 14 481 persons who inject drugs (B). Weighted HIV prevalences were calculated using respondent driven sampling (RDS) II weights.
proprietary software to prevent duplicate enrollment. Participants completed an interviewer-administered survey, which captured information on demographics, network characteristics, risk behavior, HIV testing and treatment, and substance use. Participants underwent rapid HIV testing with pre-and posttest counseling and were given 2 hologram-labeled referral coupons to give to 2 members of their network. Samples were shipped to a central laboratory in Chennai.
Laboratory Methods
HIV infection was diagnosed using 3 rapid tests according to Indian national guidelines [25] . Tests included Alere Determine HIV-1/2 (Alere Medical); First Response HIV card test 1-2.0 (PMC Medical India); and Signal Flow Through HIV 1 + 2 Spot/ Immunodot Test Kit (Span Diagnostics). In HIV-infected participants, CD4 was estimated using the FlowCARE Pan-leukogate CD4 (CD45-fluorescein isothiocyanate/CD4-phycoerythrin) assay (Beckman Coulter) and HIV-1-RNA was measured with RealTime HIV-1 assay with a limit of detection of 150 copies/mL (Abbott Laboratories). All results were provided to participants.
Measures
HIV care continuum outcomes, except for viral suppression, were based on self-reported data. Participants had to have achieved the prior step to be eligible for each subsequent step. HIV-infected participants who self-reported either a previous positive HIV test result or being informed by a healthcare provider that he/she was HIV-infected were considered aware of their status. Linkage to care was defined as having ever seen a medical practitioner for HIV. Pre-ART retention was defined as an appointment with an HIV medical practitioner in the prior 6 months or a history of ART (assuming that those who started ART were successfully retained before ART initiation). Current ART was defined as ART use in the prior 30 days.
Statistical Analyses
All samples satisfied RDS process measures (number of waves, homophily, and equilibrium) [21, 22] . Data from seeds were excluded. The RDS-II estimator (Volz-Heckathorn), which weights for network effects, was used to calculate site-specific estimates; weights incorporated self-reported network size (number of MSM/PWID seen in the prior 30 days) [26] . For overall proportions, a composite weight was calculated separately for MSM and PWID, which, in addition to network size, accounted for either the number of men aged 15-59 years [27] (assuming similar proportion of MSM across all cities) or the number of PWID in each city derived from state-level data [28] . Outcomes are presented as the median of site-level values.
Correlates of awareness of HIV-positive status were identified using multilevel logistic regression models with a random intercept for each site and scaled RDS-II weights. Covariates included sociodemographic factors, markers of general healthcare access, and lifetime risk behaviors. Models were constructed separately for MSM and PWID. Variables to represent the number of integrated counseling and testing centers (ICTCs), ART centers, and the proportion of MSM-or PWID-focused targeted interventions in each state were created based on data from the National AIDS Control Organisation, India [15] [16] [17] . Separate multivariable models were constructed incorporating these variables and region because of collinearity. As sensitivity analyses, regression analyses were performed unweighted (Supplementary Table 2 ) and using RDS-I weights (Salganik-Heckathorn estimator) [29] ; inferences remained unchanged. All statistical analyses were performed using RDS Analyst software, version 1.0 (http:// hpmrg.org) and Stata software, version 12.0 (StataCorp).
Ethical Clearances
This study was approved by the Johns Hopkins and Y.R. Gaitonde Centre for AIDS Research and Education institutional review boards.
RESULTS
12 022 MSM and 14 481 PWID were recruited from September 2012 to December 2013; a total of 1146 (7%) of MSM and 2906 (21%) of PWID were HIV-infected ( Figure 1 ). Site-level characteristics of HIV-infected MSM and PWID are provided in Table 1 .
HIV Care Continuum
Among 1146 HIV-infected MSM, a median of 30% were aware of their HIV-positive status, 23% were linked to care, 22% were retained before ART, 16% had started ART, 16% were currently receiving ART, and 10% had suppressed viral loads ( Figure 2 ; Table 2 ). Awareness in MSM ranged from 0% (Lucknow) to 90% (Chennai) and viral suppression from 0% (Lucknow and Mangalore) to 58% (Madurai).
Among 2906 HIV-infected PWID, a median of 41% were aware of their HIV-positive status, 36% were linked to care, 31% were retained before ART, 20% initiated ART, 18% were currently receiving ART, and 15% had suppressed viral loads. Awareness in PWID ranged from 2% (Kanpur) to 93% (Gangtok) and viral suppression from 0% (Kanpur, New Delhi, and Bilaspur) to 47% (Bhubaneswar).
Awareness of HIV-Positive Status Among MSM
Of 643 MSM not aware of their HIV-positive status, 357 (51%) reported being tested previously. Of these 357, 167 (43%) were tested >1 year earlier, and 25 (14%) reported never receiving their results. Of 286 never tested, primary reasons for never being tested were low perceived risk (48%), not knowing where to go (24%), no time (14%), and being afraid of a positive diagnosis (8%). Among 503 aware of their HIV-positive status, primary reasons for testing were wanting to know one's status (44%), symptoms (18%), physician referral (9%), routine testing (7%), and sex work (7%). Of those tested, 78% were tested at a government ICTC.
Among HIV-infected MSM, factors positively associated with awareness of HIV-positive status in multivariable analysis included older age (odds ratio [OR] per 10 years, 2.11), being married (OR, 1.85), being widowed, divorced, or separated (vs Table 3 ). Persons with higher income (OR for monthly income $50-$115 vs <$50, 0.66) and those injecting daily (OR for daily injection vs no injection in past 6 months, 0.46) were significantly less likely to be aware. Persons living in Northeastern India were significantly more likely to be aware than those in other states (OR, 2.99). In univariable analysis, neither the number of ICTCs nor ART centers was associated with higher levels of awareness, but a having a larger proportion of PWID-focused targeted intervention organizations in the state was associated with higher awareness (OR, 1.3), though this association did not achieve statistical significance. None of these factors were significantly associated with awareness in multivariable analysis.
DISCUSSION
Heterosexual transmission accounts for most HIV infections in India. During the past decade, India has made substantial progress, with HIV prevalence among women attending antenatal clinics declining by approximately 50% [30] . However, similar declines have not been observed among MSM and PWID; failure to make inroads in these key populations may stymie UN-AIDS targets in India and other resource-limited settings where they have received less attention than heterosexual epidemics. In this large multicity community-based sample of key populations from India, much needs to be done to achieve the ambitious UNAIDS 90-90-90 target. Less than half of the PWID and [26] . Of the 911 PWID who had been linked to care and had not started antiretroviral therapy (ART), 90.7% were eligible for ART, and 9.3% were not; of the 446 MSM, 86.9% were eligible for ART, and 13.1% were not. a third of the MSM were aware of their HIV-positive status. Furthermore, among those aware of their status only 52% of PWID and 68% of MSM were receiving sustained ART. It was encouraging, however, that 78% of MSM and 83% of PWID receiving ART were virologically suppressed. Although these proportions fall short of the UNAIDS target, they are comparable to those in the general population in India [8, 31] and high-income settings [11, 12] , highlighting the fact that high viral suppression can be achieved in populations historically considered difficult to treat. This report represents one of the first multisite characterizations of the HIV care continuum in PWID and MSM from any resource-limited setting. Our use of identical survey methods in both populations during a similar time frame provides unbiased estimates of the care continuum. Much of the prior data from resource-limited settings, including Africa and Asia, include only steps occurring after HIV diagnosis [9, 10, 32, 33] . A prior study evaluated the care continuum among 1057 HIVpositive persons at government ICTCs in the 6 high-prevalence Indian states [9] and found a comparatively higher proportion linked to care (74%). A cohort of 7701 HIV-positive persons in Andhra Pradesh similarly reported that 82% were linked to care, 70% were retained, 55% had started ART and 31% were virologically suppressed [8] . Both studies included primarily heterosexual populations.
Our data highlight the fact that MSM and PWID lag behind other HIV-infected persons in India with respect to linkage to care and other HIV care continuum outcomes and also reinforce the importance of community-based samples to measure the full spectrum of population-level engagement in HIV care; the majority of individuals identified as HIV infected in our sample would have been missed by approaches focusing only on those in care. More importantly, our data identify striking regional differences in the HIV care continuum that have not been described elsewhere, to our knowledge. For MSM, awareness of status was in part explained by regional variability in the numbers of ICTCs and ART centers while for PWID it was not. There were alarmingly low levels of engagement in HIV care in cities not located in states with high HIV prevalence where there are limited HIV services and even fewer services targeting MSM and/or PWID. For example, Uttar Pradesh the state with the largest population in India, has historically been considered a low-HIV prevalence state and consequently has fewer HIV testing and ART centers than similarly sized high-HIV prevalence states [15] [16] [17] . The lowest levels of awareness of HIV-positive status were observed in this state among both groups. By contrast, in cities where HIV programs have been implemented since the early years of the AIDS epidemic (eg, in Tamil Nadu and Manipur), the care continuum was comparable to that of MSM/PWID in high-income [11, 12] settings, if not better. In all but 2 sites, the primary barrier to successful engagement was awareness of HIV-positive status. Awareness of HIVpositive status was better among those who had accessed other services, including tuberculosis treatment, opioid agonist therapy, and sexually transmitted infection treatment. Even associations observed with marriage (MSM) and female sex (PWID) probably reflect differential service access because women (and spouses) are typically tested for HIV in India in antenatal care. These data collectively reinforce the importance of integrating HIV testing across all services where vulnerable populations may come into contact with the healthcare system, which is currently not the norm in India. Moreover, testing in all sites should follow current government guidelines by offering same-day rapid, point-of-care testing so that individuals are not lost because of the requirement of a follow-up visit for receiving results [34] .
Still, broad integration of HIV testing may not reach everyone, because some individuals do not come into contact with any services. Our data suggest that network-driven recruitment strategies such as RDS may be an efficient approach for reaching such persons. Each sample was recruited in approximately 3 months, and anecdotal reports from sites suggest that a large proportion of the participants recruited by RDS had not previously sought services at the organization. Improved access to testing and outreach alone will; however, not be sufficient to improve other outcomes such as linkage and ART initiation, which were lower than general population estimates in India [8, 9, 31] . To really improve outcomes across the entire care continuum, additional strategies that target other barriers will be needed, including integration of services, peer navigation and incentives [34, 35] . These will be most effective if combined with largescale public policy changes that affect the broader social environment (eg, decriminalization of same-sex behavior).
Some of what we observed may reflect the differential availability of ICTCs and ART centers in different cities across India as well as the fact that for the most part HIV counseling and testing and ART are provided in geographically segregated centers [15] [16] [17] . Although all 448 ART centers in India have a colocated ICTC within the same campus, they are usually in large government hospitals, and most ICTCs (n = 4694) are geographically distinct from ART centers. Most participants reported being tested in a government ICTC, where the common practice is referral to an ART center. It was encouraging in the MSM sites that more widespread coverage of ICTC and ART centers seemed to be associated with more favorable outcomes; the lack of association in PWID sites may reflect that what is important for this group is having efforts specifically targeted at linking PWID to these services. We were limited by the self-reported nature of the HIV care continuum outcomes with the exception of viral suppression. However, our surveys were translated into local languages and in each city, common terms for "HIV doctor" and ART were collected during a formative research. Although data were collected from a large number of sites, cities were purposely selected, and therefore estimates may not be nationally representative.
In conclusion, in this large community-based sample of MSM and PWID across India, the major barrier to successful engagement in HIV care was diagnosis. Several of our findings suggest that the UNAIDS 90-90-90 target could be achieved in these marginalized groups. First, viral suppression among those receiving ART was comparable to that in high-income settings. Second, sites with historically higher HIV prevalence and better access to government-led interventions had higher levels of awareness, suggesting that better engagement can be achieved with expanded HIV programming. Efforts need to be made to expand HIV testing, possibly through integration with other existing services, along with efforts to improve downstream outcomes of linkage to care and viral suppression.
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